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Outline
o Use of brassicas for fall grazing

o Use of summer annual mixtures for grazing dairy cows

o Strategies to increase sugars in forages

o Kelp meal supplementation for grazing dairy cows

o Questions



A short growing season and mid-summer drought can 
limit pasture productivity
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Why brassicas? 

o Brassica species include rapeseed, canola, turnip, kale, radish, and swede

o Forage variety trials have shown high biomass potential: 1,330–4,450 lb
of DM/acre

o High crude protein (>20%), low fiber (20–35%), and high DM digestibility 
(>85%)

o Brassicas contain a class of secondary plant metabolites called 
glucosinolates





Dual flow continuous culture fermentors



Nutritional composition of grasses vs. brassicas 

Forage sources

Item Annual ryegrass Orchardgrass Canola Rapeseed Turnip

CP, % 30.2 30.4 28.2 23.2 22.2

NDF, % 29.7 41.2 16.1 16.6 17.2

ADF, % 21.2 22.8 10.8 11.8 12.0

Lignin, % 5.3 2.5 0.8 1.3 1.3

Starch, % 0.2 0.3 0.5 1.7 0.2

Sugars, % 19.6 7.9 24.7 24.6 26.9

NEL, Mcal/lb 0.76 0.73 0.90 0.85 0.81

NEG, Mcal/lb 0.47 0.45 0.59 0.55 0.51

Ca, % 0.64 0.42 1.78 1.98 2.47

P, % 0.28 0.40 0.36 0.35 0.43



General structure of glucosinolates



Concentration of glucosinolates in grasses and brassicas 

*ARG = 50% annual ryegrass + 50% orchardgrass; CAN = 50% canola + 50% orchardgrass; RAP = 50% orchardgrass + 50% rapeseed; TUR = 
50% turnip + 50% orchardgrass



Nutrient digestibility of the experimental diets 
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Methane emissions in the experimental diets  
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Daily methane production in the experimental diets

ARG = 50% annual ryegrass + 50% orchardgrass; CAN = 50% canola + 50% orchardgrass; RAP = 50% orchardgrass + 50% rapeseed; TUR = 50% 
turnip + 50% orchardgrass



Correlation between individual or total glucosinolates and 
methane emissions   
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Bacterial N synthesis in the experimental diets  
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General study procedures

o Eighteen mid-lactation Jersey cows 

o Cows were randomly assigned to 1 of 2 diets: TMR or TMR plus 
grazed canola (60:40 forage-to-concentrate ratio) 

o Diet was formulated to include 35% (dry matter basis) of canola as 
grazed forage offered after the afternoon milking

o Cows were milked and fed twice daily

o Feeds, milk, blood, feces, urine, and rumen fluid samples were 
collected throughout the 6-week study 

o Methane was measured using the GreenFeed system



Strip grazing management system



Vertical mixer



TMR mixer



Calan doors system



Botanical composition and biomass 
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Baleage vs. canola nutritional composition 

Feeds

Item Baleage Canola

DM % 45.7 12.1

CP, % 18.3 24.9

NDF, % 51.0 15.6

ADF, % 31.6 12.6

Lignin, % 4.90 1.40

Sugars, % 4.60 21.7

NEL, Mcal/lb 0.59 0.86

NEG, Mcal/lb 0.32 0.53



Canola nutritional composition 

Feeds

Item Field 1 Field 2

Dry matter, % 12.1 12.1

CP, % 22.5 27.2

NDF, % 16.2 14.9

ADF, % 12.6 12.6

Lignin, % 1.2 1.6

Sugars, % 22.5 20.8

NEL, Mcal/lb 0.85 0.83

NEG, Mcal/lb 0.54 0.52



General structure of glucosinolates



Pre- and post-grazing heights of canola fields

0

5

10

15

20

25

30

35

Pre-grazing Post-grazing

C
an

o
la

 h
ei

gh
t,

 in
ch

es

Field 1 Field 2



Pre-grazing canola offered and post-grazing biomass
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Pre- and postgrazing canola field



Pre- and postgrazing canola field



Estimated canola DMI 
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Estimated grazing efficiency 
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Pregrazing canola field after first frost



Milk production in cows grazing canola 
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Intake in cows grazing canola 
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Milk fat and protein content in cows grazing canola 
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Milk fat and protein production in cows grazing canola 
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Methane emission measurements 



Methane emission measurements 



Methane emission measurements 
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Summary
o Brassicas appear to have potential as a forage

source for cattle grazing during fall

o Proportion of brassicas in dairy diets should
not exceed 50% of the total DMI due to the
presence of glucosinolates and potential milk
“off-flavor”

o Costs and land use should be considered
before adoption



A short growing season and mid-summer drought can 
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Week 1 Week 2 Week 3

Traditional AFC Traditional AFC Traditional AFC

-------------------------------% DM-----------------------------

Grasses 79 69 80 63 69 63

Legumes 4 7 5 8 11 13

Weeds 17 8 15 9 20 11

AFC-grasses 0 0 0 0 0 1

AFC-legumes 0 0 0 1 0 2

AFC-broadleaf 0 16 0 14 0 12

Botanical composition of traditional pasture and pasture 
stripped-tilled with annual forage crops (AFC)

Summer AFC = buckwheat, teff, millet, oat, chickling vetch
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Diurnal variation in sugars and starch in alfalfa

NSC – non-structural carbohydrates
SC = soluble carbohydrates





Sugars and starch in PM- vs. AM-cut alfalfa baleage



Milk production in cows fed PM-cut alfalfa baleage 
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DMI in dairy cows fed PM-cut alfalfa baleage 
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Bacteria N synthesis in dairy cows fed PM-cut alfalfa baleage 
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Milk fat and protein production in cows fed PM-cut alfalfa baleage 
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DMI disappearance in beef steers fed PM-cut birdsfoot trefoil hay 



Summary

o PM-cutting and PM-grazing can result in
forage sources with increased
concentrations of sugars and starch, which
ultimately improve milk production and
weigh gain in cattle

o Increased energy concentration through
PM-cutting and PM-grazing may be a
strategy to reduce feed costs



Frequency of pastures that did not meet minimum requirements

n = 380 pasture samples collected from 2012-1015 in organic dairies in NH, VT, ME, NY, and PA
CP = crude protein, ADF = acid detergent fiber, NDF = neutral detergent fiber, NEl = net energy of 
lactation; Source: Hafla et al. (2016)



Kelp meal supplementation



Kelp meal nutritional properties

o Brown seaweed (Ascophyllum nodosum) rich in minerals, particularly iodine (Antaya et al., 2015)

o Contains a wide spectrum of nutritional compounds including polyunsaturated fatty acids (PUFA), 
polyphenols, bioactive peptides, and vitamins (Kumari et al., 2010; Tierney et al., 2010; Fitzgerald et al., 2011)

o Rich in phlorotannin, a polyphenol similar to terrestrial tannins known to affect carbohydrate and 
protein utilization, and to inhibit bacterial growth (Ragan and Glombitza,1986; Wang et al., 2008, 2009)

o High concentrations of antioxidants such as β-carotene and fucoxanthine, which may improve 
animal health (Haugan and Liaaen-Jensen, 1994; Allen et al., 2001)



Use of kelp meal in organic dairy farms in the Northeast 
and Midwest US

o 59% of organic dairy farmers feed kelp meal in the Northeast (Antaya et al., 2015)

o 49% of organic dairy farmers feed kelp meal in Wisconsin (Hardie et al., 2014)

o 83% of organic dairy farmers feed kelp meal in Minnesota (Sorge et al., 2016)



o It improves body condition and overall animal appearance

o It decreases milk somatic cell count, reproductive problems, and incidence of “pinkeye” 
(i.e., infectious bovine keratoconjunctivitis)

o It helps with control of nuisance flies during the grazing 
season

Source: Antaya et al. (2015)

Why organic dairy farmers feed kelp meal in the 
Northeast?



1. Haematobia irritans L.,
2. Stomoxys calcitrans L.
3. Musca domestica
4. Musca autumnalis, De Geer

1 2 3 4

Source: Denning et al. 2014



Pasture vs. kelp meal nutritonal composition

Sources: Antaya et al. 2015; Hafla et al. (2016); Brito et al. (unpublished)

Feeds

Item Pasture Kelp meal

CP 19.5 10.2

NDF 51.0 53.9

ADF 31.4 39.9

Ca 0.76 1.31

P 0.36 0.25

Mg 0.28 0.69

K 2.68 3.53

S 0.28 2.84

I, ppm 0.62 820



Milk production in grazing cows fed kelp meal
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Pasture intake in grazing cows fed kelp meal
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Milk iodine concentration in grazing cows fed kelp meal
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Glucosinolates intake during the grazing season
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Σ = 1,525 mg/daya Σ = 911 mg/dayc Σ = 1,163 mg/dayb
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Summary

oKelp meal supplementation effectively 
increases the concentration of iodine in milk 

oTherefore, there are concerns and 
opportunities regarding the impact of iodine in 
human health

o Kelp can be used as a mineral supplement for 
grazing cows, but costs should be considered
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